Anuria, which is strictly defined as complete failure of urine formation,. is rare. Complete anuria is much more likely in surgical conditions associated with obstruction of both ureters or of the ureter of a single kidney. The term "anuria" is, however, often inaccurately applied to conditions associated with severe oliguria in which the daily urine volume is insufficient to maintain normal kidney function and preserve biochemical homeostasis. A better and more accurate term is "acute oliguric renal failure".
volume is dependent on the amount of solute excretion as well as on the concentration of the urine. With low solute excretion satisfactory renal function is compatible with moderate oliguria. Urinary concentration is best expressed in m.osmoles/l., but may also be expressed in grams/l. and as urinary specific gravity. Equivalents between these values are only approximate. where c is the mean urinary concentration in m.osmoles/ml., v is the urine volume in ml./day, and s is the solute required to be excreted in m.osmoles/day. In clinical practice urinary concentration is measured by determination of specific gravity rather than the more accurate but more difficult method of estimation of urinary osmolarity. Approximate equivalent values are given in the abscissa of Fig. 1 .
If a patient is receiving a protein and electrolyte free diet, e.g. in parenteral feeding with 5 % glucose, the amount of solute excreted is entirely derived from the metabolic breakdown of body protein and may be less than 300 m.osmoles/day. Should the patient be dehydrated from vomiting or diarrhoea, a concentrated urine of an osmolarity greater than 1 m.osmole/ml. may be excreted. In such circumstances the daily urine volume would be only 300 ml./day, but there would be no renal failure and no increase of blood urea or non-protein nitrogen. This type of oliguria is physiological and obviously should not be classed as acute renal failure.
Acute oliguric renal failure is always associated with urnmia which steadily deteriorates unless diuresis occurs or the patient is treated by dialysis methods, e.g. the artificial kidney. In contrast, in chronic renal failure with polyuria, the degree of urwmia may remain unchanged for many months or even years. Acute renal failure may occur in patients with previously normal kidneys or in patients with preceding renal disease. The prognosis is obviously worse in the latter group, since at best, renal function can only be restored to its original impaired state. Differential diagnosis in patients seen for the first time in acute renal failure may be difficult. The single most useful feature is that the patients with an acute exacerbation of previous chronic urwmia have a normochromic anemia due to long-standing renal disease. The two most important causes of oliguria in chronic uremia are salt depletion or an acute exacerbation of chronic pyelonephritis. Severe salt depletion is particularly liable to occur in uremic patients from vomiting or diarrhoea. If salt depletion occurs in normal subjects the kidneys will compensate by secretion of a salt-free urine due to increased aldosterone production. This cannot occur in urnmic patients as the renal tubules can no longer retain sodium efficiently, and continued salt loss occurs both in gastro-intestinal fluids and in the urine. Recognition of these two causes is of great importance since effective therapy by saline infusions or by antibiotics may lead to rapid improvement. If, however, these two factors can be excluded, the prognosis of an acute exacerbation of chronic uremia is extremely grave since it is usually due to almost complete destruction of existing glomerular function by the previous renal disease.
The most important cause of acute renal failure in previously healthy patients is renal ischemia. Classification is best based on the anatomical site of underlying disease: (i) Renal papillary necrosis. (j) Obstructive lesions of the ureters. Obstruction of the main renal arteries.-This may occur as a result of embolus, thrombosis, or a dissecting aneurysm of the abdominal aorta involving the origins of the renal arteries, and is obviously more liable to occur in a patient with a single kidney. The commonest cause of pathology at this site is, however, diagnostic aortography. This is a potentially dangerous investigation and should only be performed if the information obtained will be of direct value to the patient. Anuria may result from renal artery thrombosis, intimal stripping by injection of contrast media directly into the aortic wall (Gaylis and Laws, 1956), or from acute tubular necrosis from local high concentration of diodone. (Harrison et al., 1956) . Primary renal vein thrombosis is especially liable to occur as a complication of acute gastro-enteritis in the first few months of life. Renal vein thrombosis in adults is more usually secondary to chronic renal disease with gross reduction of renal blood flow and is especially likely to occur in cases of secondary renal amyloidosis (Vilk, 1940; Harrison et al., 1956) . This type of anuria is also more liable to occur in patients with only a single kidney.
Obstruction of the smaller renal arteries.-The smaller renal arteries may be involved in polyarteritis nodosa, the kidneys being the organs most commonly affected. The urnmia usually terminates in an oliguric phase. Polyarteritis should be suspected if there is evidence of arteritis elsewhere and if there is rapid deterioration of renal function in patients in whom the blood pressure is normal or only slightly increased. Usually chronic renal failure without rise of blood pressure is only slowly progressive but cases of polyarteritis are exceptional, and there is rapid renal functional and structural damage. In There is widespread necrotizing arteriolitis of the afferent glomerular arterioles. Heemalum and eosin. x 142. some cases the afferent glomerular arterioles are especially involved (Fig. 2 ), but necrotizing arteriolitis in this location may also occur in other types of renal disease, e.g. acute glomerulonephritis or malignant hypertension. Treatment with cortisone will often prevent further activity elsewhere, but unfortunately has little if any beneficial effect on the renal lesion. An accurate post-mortem diagnosis is often more difficult after cortisone therapy. Glomerular lesions.-In a small proportion of cases of acute glomerular nephritis the oliguria may be severe enough to cause acute renal failure. Many cases show complete anuria and the prognosis is worse than in the more common acute tubular necrosis. The diagnosis is made by finding other signs of acute nephritis such as cedema and hypertension.
Severe oliguria and rapidly progressive urnmia may occur in the -subacute stage of glomerulonephritis, and is not uncommon in the nephropathy of Henoch-Schonlein purpura.
Acute renal circulatory failure and acute tubular necrosis.-This type of oliguria is secondary to conditions involving himorrhage and shock and is therefore more common in obstetric or surgical practice than in medical cases. In acute renal circulatory failure diuresis occurs when the circulatory insufficiency is effectively treated, but in acute tubular necrosis oliguria persists for a varying period up to two or three weeks. Since there is no permanent glomerular change the prognosis is good and there are no sequelk if the patient survives. In purely medical practice, common causes are coronary thrombosis, gastro-intestinal heemorrhage, incompatible blood transfusion, acute haemolysis as in blackwater fever, and circulatory collapse from overdosage with ganglionic blocking drugs.
Renal cortical necrosis affects both glomeruli and tubules. About 80% of cases of renal cortical necrosis occur in association with concealed accidental hemorrhage of pregnancy.
The remaining cases may occur either in children or adults and have usually been associated, with episodes of severe vomiting or diarrhea or with septicrmia or bacternmia. Complete cortical necrosis is obviously inevitably fatal, but in less severe cases with only partial necrosis the patient may recover. There is, however, some permanent reduction of renal function owing to patchy destruction of glomeruli.
Proximal tubular necrosis follows ingestion of nephrotoxic drugs and poisons, e.g. mercuric chloride, potassium bichromate, chlorates, carbon tetrachloride, and large doses of sulphonamide drugs. There is widespread necrosis of proximal tubular cells without rupture of the basal membrane. The course and prognosis is similar to that of acute tubular necrosis.
Renal papillary necrosis.-In this condition there is necrosis of some or all of the renal papille ( Fig. 3 ). About two-thirds of cases occur in diabetic patients with secondary FIG. 3.-Section of renal -papilla in a case of necrotizing papillitis with severe and fatal oliguria. There is complete necrosis of almost the whole papilla. A hwmorrhagic area separates the area of necrosis from living kidney tissue. Hamalum and eosin. x 6. pyelonephritis. The oliguria usually follows an acute exacerbation of urinary infection with severe dysuria, pyrexia and hematuria. There may be renal colic due to fragments of necrosed papilbe being passed down the ureters.
Ureteric obstruction.-This is a surgical variety of acute uremia but may closely simulate the medical conditions already described. Anuria is usually complete and is obviously more likely to occur if there is a single kidney.
Conservative management by a protein and electrolyte-free but high caloric diet together with fluid restriction is the basis of treatment in all cases of acute renal failure. Blood urea, and serum potassium and bicarbonate should be determined each day. Treatment should be supplemented by dialysis, preferably by the artificial kidney, if any of the following signs of failure of conservative measures are found:
(a) Serum potassium above 8 mEq./l. (b) Serum bicarbonate below 10 mEq./l. (c) Electrocardiographic evidence of progressive hyperkalemia, acidotic breathing, deepening stupor, or uremic twitching or hyperexcitability.
The importance of the recognition of the presence or onset of acute renal failure was stressed. The recognition is made both earlier and more certainly by observing the volume and quality of the urine passed than from biochemical changes in the blood. Oliguria was defined as a urine volume less than 700 ml./twenty-four hours. In the presence of severe renal failure the specific gravity will lie between 1008 and 1014. With good renal function a twenty-four-hour urine volume of 700 ml. or less will result in a specific gravity of 1018 or higher. In the absence of glycosuria or heavy proteinuria a specific gravity exceeding 1018 can be accepted as evidence of good renal function. Spurious low specific gravity oliguria may be met with under circumstances in which a low nitrogen intake is maintained and sodium chloride retention by the kidney is occurring. As a working rule it may be taken that the urine in a low specific gravity oliguria with severe renal damage will always contain considerable amounts of sodium and chloride and that their absence implies a physiological response by the kidney.
Among several illustrative cases of acute tubular necrosis complicating medical conditions, were included four occurring during the course of non-fatal hepatic disturbances in which no surgical intervention had occurred in the immediate past; in all 4 patients the acute renal failure ran the typical course of an acute tubular necrosis with recovery.
The only illustrative case which is here recorded is that of a young man of 21 in whom an acute tubular necrosis followed a severe hypotensive episode after a large pulmonary embolus.
History.-Male, aged 21. Admitted to hospital 18.8.56 with a short history of cold, some pain in the left lower chest and blood-flecked sputum. On admission, an afebrile, healthy-looking boy. B.P. 110/65 with the only physical signs being some diminished movement of the left chest.
The following day he became febrile and the next day a small left-sided pleural effusion was discovered which contained a straw-coloured fluid. Mantoux 1/10,000 positive, W.B.C. 9,000, E.S.R. 86 mm. in the first hour. 21.8.56: Episode of pain in the right chest. 22.8.56: Small R pleural effusion.
Presumptive diagnosis-pulmonary tuberculosis and treatment started with streptomycin and isoniazid.
1.9.56: After swinging legs over the side of the bed suddenly collapsed and was found pulseless and unconscious at 7 a.m. Some two hours later intravenous infusion containing noradrenaline was started with rapid improvement in the general condition. B.P. which had previously slowly risen to 75/55 rose to 104/75. Noradrenaline drip was maintained for the following twenty-four hours, the B.P. at times still dropping as low as 85/60.
From the time of the sudden collapse, the patient was severely oliguric for four days. On the fifth, the urine volume started to increase and the urine volume reached one litre in the twenty-four hours on the seventh day. The blood urea, urine volume and body-weight are shown in Fig. 1 .
The course of the renal failure was typical of an acute tubular necrosis. 
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The pulmonary condition prior to the hypotensive episode was, in retrospect, typical of multiple pulmonary emboli, with a massive one occurring on 1.9.56. The radiological appearances of the lungs were characteristic and slight edema of the ankle and calf tenderness were present on 4.9.56. ECG showed very severe acute right ventricular strain at this time.
During the first three days after the massive pulmonary embolus on 1.9.56, the patient was fairly severely overhydrated and on 4.9.56 the patient weighed 10 kg. more than his normal weight. At this time, he was overbreathing quite out of proportion to his chemical acidosis; this was assumed to be consistent with the hyperpnca typically seen with pulmonary embolus. In view of the severe overhydration and the absence of a marked rise in serum potassium, the patient was left without any fluid administration for twenty-four hours in the hope that he would lose water via the lungs. This was most strikingly successful, the weight falling from 80 to 75 kg. in thirty-six hours, with marked improvement in his general condition. From then he was managed on intravenous alimentation, with 40% glucose and insulin (1 unit to 4 grams glucose) added to the drip. During the early diuretic phase, sodium and potassium loss in the urine was replaced intravenously.
The recovery was complicated by a severe penicillin skin rash, but renal function steadily improved, and he returned to full work three months after the initial illness.
Dr. E. M. Darmady: The Renal Changes in Anuria Following Medical Conditions Anuria follows a very large number of ;tiological factors, but more frequently shock, disturbances of the electrolyte water balance, intravascular hamolysis or combinations of all these factors. It is fortunate that the pathological changes in the kidney are similar, even to the extent that it is not possible to determine from the microscopical examinations the nature of the etiological agent. This syndrome is known as acute tubular necrosis, and I propose to confine my remarks entirely to this condition.
This report is based on the examination of 53 kidneys obtained from post-mortem, and sent to us by many colleagues to whom we are grateful. In addition, we have examined five that have followed a specific nephrotoxin. Oliver, MacDowell and Tracey (1951) and Dible (1953) have already shown that the pathological changes differ from those seen in acute tubular necrosis, but as we have examined so few cases following nephrotoxins we do not propose to discuss them here.
All the kidneys have been examined both by microdissection and histological means. We have arranged them according to the duration and stage of their illness, and in order that the pathological changes can be correlated with the urinary output. Four phases are usually recognized: (1) Onset; (2) Anuric or oliguric; (3) Diuretic; (4) Late diuretic; and we propose to describe7our findings in each phase:
(1) Onset phase.-In the onset phase, there is no anatomical defect in the nephron, although the glomerulus is often engorged with blood. Histological preparations using standard staining methods seldom suggest there are changes in the tubules, but by microdissection many nephrons show focal areas of epithelial disorganization, and loss of translucency. This is by no means widespread, and may be localized to a specific nephron. Staining for alkaline phosphatase confirms the early changes in the proximal tubules, for in many areas alkaline phosphatase is absent. At this stage the proximal tubules are most affected, although many nephrons may show little or no change. This is of importance, and will be referred to later.
(2) Anuric and oliguric phase.-The changes of the onset phase gradually merge into the findings of this stage. Transparent casts start to appear in the lower end of the proximal tubule, and later in the loops of Henle. By microdissection the focal epithelial changes in the proximal tubule become more marked, and there is shrinkage of the epithelium so that the lumen is now apparent. Once again many nephrons may be considered normal, although the volume of urine passed in life may be small. The epithelium soon starts to regenerate, and heaping of the cells may be observed. In some areas, necrosis of the cells may be apparent, and the lower part of the nephron may be dilated even though casts are not present.
About the fourth to sixth day after onset, the distal tubule begins to show widespread epithelial degeneration, while casts of all types start to appear in the lower part of the nephron affecting the loops of Henle, and the distal and collecting tubules. The lumen is dilated since the epithelium is shrunken and flattened. At the same time, ruptures in the wall of the tubule appear and are found in all parts of the nephron. These probably correspond to tubulo-venous and tubulo-interstitial ruptures described by Dunn, Gillespie and Niven (1941), and Bywaters and Dible (1942) .
The ruptures in -the interstitial tissue are accompanied by a brisk lymphocytic reaction, particularly where the protein-like material had leaked into the tissues. The appearance of casts seen by microdissection are interesting in that they often affect the same nephron.
The casts seem to take up the shape of the lumen and epithelium arrangement, and are frequently multiple. At the same time the tubule is not dilated either at the site of the cast or above the cast, unless the tubule wall has ruptured. The presence of casts and the outstanding damage to the distal tubules at this stage of the disease has given rise to the misnomer "lower nephron nephrosis". As it is at this stage the untreated case usually dies early pathologists were obviously impressed by the extent of the lesion of the lower nephron (Lucke, 1946).
(3) Diuretic phase.-No hard and fast rules can be laid down as to the changes found in the early diuretic phase, for the histologist cannot from histological grounds alone predict whether at the time of death or biopsy, the patient was in anuria or diuresis. However, in general, evidence of regeneration is apparent in all parts of the nephron. The epithelium of the proximal tubule is usually shrunken and flattened, and by histological standards now begins to show a more regular pattern, whilst nuclei show mitotic divisions. As the period of time after the onset lengthens, so the repair of the nephron continues, starting from the proximal tubule downwards. Indeed, not only does the epithelium recover, but the casts, particularly in the collecting tubules show polymorphic nuclear leucocytic and macrophage infiltration. DISCUSSION Although the sequence of renal changes is well recognized, there are these points in the understanding of the syndrome that require further elucidation. First, interstitial cedema that may be found particularly in the early anuric phase, or in the early diuretic phase. Second, the random distribution of the lesions, and third, the mechanism of the anuria.
As regards the first, Dible (1953) has suggested that the interstitial cedema which is often found in the boundary zone may result in "relative functional bar" to the passage of the filtrate, and this may maintain the anuria or oliguria, and at the same time it has often been suggested that there is a rise in intra-renal pressure. From microdissection studies, there is no evidence to confirm this, for the tubules show no evidence of collapse or dilatation higher in the nephron which would result from such an obstruction. Indeed, de Wardener (1955) , who measured the intra-renal pressure following experimental acute tubular necrosis, found that the pressure was unaltered. For this reason, together with the fact that the interstitial aedema is not found constantly, we suggest that this view is untenable.
With regard to the second point, both histological and microdissection studies confirm the random distribution of the lesions. Indeed many nephrons may show little or no damage, whilst others are so damaged by rupture of the wall and cast formation that it is unlikely that they could have ever recovered function. Conversely, the lesions, even though not seriously disturbing the epithelium pattern, do not appear sufficient to prevent complete urinary function. In other renal conditions, epithelium disarrangement of the same severity has not been associated in life with oliguria. Furthermore, it is clear that in the early stages of the disease the tubular damage is not sufficient to prevent the passage of the filtrate. This makes us believe that the cause of the anuria cannot be directly attributed to the lesions of the tubules, but rather to the function of the glomerulus.
On the third point, it is possible that the findings following the anuria of the homotransplanted kidney may shed light on the mechanism of the anuria in this syndrome. Following homotransplantation of the kidney in dogs, urine is usually secreted for about four to six days after transplantation. At about this time there is an abrupt cessation of urine flow. Examination of the nephron at this time shows the glomerular neck to be narrowed and devoid of epithelium, but as these changes are also found before the cessation of urine flow, it is clearly not directly responsible for the anuria (Darmady, Dempster and Stranack, 1955) . Injection of indian ink in the renal circulation at the time of the anuria shows the glomeruli to be engorged with blood. Furthermore, cortisone treatment assists in preventing the changes in the glomerular neck, but it does not prevent the onset of anuria, and kidneys examined at this stage show a similar overfilling of the glomeruli. This suggests to us that the blood flow through the glomerulus is stagnant or sluggish, and that the tone of the glomerular tuft has been lost. The congestion of the glomerulus in the onset phase of acute tubular necrosis has led us to believe that the mechanism of the anuria is similar, and that the cause should be sought in the glomerulus.
Finally, it is often noted in the recovery or diuretic phase, there may be considerable excess urinary potassium. In primary aldosteronism, of which we have had the opportunity of examining 5 cases, vacuolation of the epthelium, particularly of the proximal tubule, is seen. Similar changes can also be found in some cases in the diuretic phase, which suggests that the potassium depletion may be a significant factor. SUMMARY (1) The renal changes in acute tubular necrosis in cases have been traced through the natural history of the syndrome, by both microdissection and histological preparations.
(2) The random distribution of the lesions is stressed.
(3) The role of glomerulus in producing anuria is discussed.
(4) The presence of vacuolation in the tubular epithelium of patients dying in the diuretic phase is analogous to the changes found in 5 cases of primary aldosteronism.
My thanks are due to Miss F. Stranack who has painstakingly prepared so many tissues for examination, and to the Medical Research Council for an expenses grant, which has made this work possible. I am also grateful to my many colleagues, who have provided the material on which these observations have been based.
Professor J. H. Burn (Department of Pharmacology, Oxford University): The Pharmacology of Smoking Amounts of nicotine received in smoking.-The observation that nicotine stimulates sympathetic ganglia is now an old one, and most people remember that the stimulant action passes over to a paralysing action when nicotine is applied. In the amounts which normally reach man, however, it is a ganglionic stimulant. I would like to begin my remarks with a consideration of this very point. How much nicotine does a man smoking a cigarette take in? There have been some surprising estimates, which seem to me too high. Thus Haag and Larson (1944) have concluded that cigarette smokers who inhale retain about 3 mg. nicotine from each cigarette, while those who do not inhale retain 035 mg. Now observations made in my own department by Ling and Wynn Parry (1949) suggested that the amounts were much smaller. They set up a long glass U-tube each arm of which was 50 cm. long and of internal diameter 1 cm. The U-tube was immersed in running cold water. To one side of the U-tube a holder was attached in which a cigarette could be fixed, and the other side was attached to a 50 ml. flask which was in turn attached to a filter pump which applied weak suction. A T-piece near the pump could be opened or closed so as to allow suction to draw air through the cigarette at intervals similar to those used by a smoker in smoking a cigarette. Usually 5 cigarettes were "smoked" in succession, and the nicotine condensed in the U-tube and in the flask was then collected and estimated. The deposit was dissolved in weak acid, made alkaline and extracted with ether. The ether extract was allowed to dry and the nicotine was taken up in 1 % tartaric acid. It was then estimated on the blood pressure of a spinal cat. Results were obtained by Ling in 1935 and by Wynn Parry in 1948. They showed that the amount of nicotine entering the mouth during the smoking of one cigarette, which contains 1 gram tobacco, is between 0-6 mg. and 1I0 mg. The cigarettes used were the brands commonly smoked in Britain, including Players, Gold Flake and State Express.
This result gains confirmation from observations published by Burn et al. (1945) on the antidiuretic action of nicotine. Thus one subject who drank 1 litre of warm water and measured its rate of excretion by emptying his bladder at 15 min. 'intervals, smoked one cigarette, inhaling deeply, 45 min. after drinking the water. This caused inhibition of the diuresis for over one hour, the interval between the maximum rate of excretion before and after smoking being 105 min. On another occasion he repeated the experiment, but instead of smoking a cigarette, he received an injection of 1 mg. nicotine acid tartrate, corresponding to 0 33 mg. nicotine calculated as base. This produced a longer
